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bstract
Prevalence of fluorosis is a public health problem in many states of India. It is necessary to find out the different sources through which fluoride
nters human metabolism. Only when the sources are identified, suitable remedial measures can be initiated. This study was attempted to find out
he contribution of fluoride from various sources such as drinking water, staple food grains, cooked rice, green leafy vegetables and cow milk in the
elected area of the study. Percentage of incidence of fluorosis was estimated using a clinical survey. Calculated community fluorosis index values in
ll the 22 villages were greater than the accepted index value. Fluoride intake from all manor dietary sources of different age groups such as infants,
hildren, adolescents, adults and aged above 70 was determined. The study revealed that, of all the sources, fluoride contribution from drinking
ater is significant irrespective of age. Hence, it is advised that people of South India, where there similarity in diet pattern, consume drinking
ater with lesser fluoride to minimize the debilitating effect of fluoride. The study also recommends to the government authorities concerned with
upply to provide water with low fluoride level.
 2013 Beijing Academy of Food Sciences. Production and hosting by Elsevier B.V. All rights reserved.
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.  Introduction
About 80% of the diseases in the world are due to poor qual-
ty of drinking water, and the fluoride contamination in drinking
ater is responsible for 65% of endemic fluorosis in the world
1–3]. Fluorosis is a slow, progressive, crippling malady, which
ffects every organ, tissue and cell in the body and results in
ealth complaints having overlapping manifestations with sev-
ral diseases. The disease “fluorosis” has now become a global
roblem and the health impairment due to fluorosis has occurred
n the citizens of about 25 nations across the globe, and more
han 200 million people worldwide are at the risk of fluorosis
4]. Fluoride toxicity depends for its severity on four factors (i.e.)∗ Corresponding author at: Department of Chemistry, Gandhigram Rural
nstitute – Deemed University, Gandhigram, Dindigul 624302, Tamil Nadu,
ndia. Tel.: +91 451 2452371; fax: +91 451 2454466.
E-mail address: dranithapius@gmail.com (A. Pius).
eer review under responsibility of Beijing Academy of Food Sciences.
213-4530 © 2013 Beijing Academy of Food Sciences. Production and
osting by Elsevier B.V. All rights reserved.
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he total dose ingested, duration of fluoride exposure, nutritional
tatus and body’s response [5].
Different forms of fluorosis are dental, skeletal and non-
keletal. Dental fluorosis is a developmental disturbance of
ental enamel caused by excessive exposure to high concentra-
ions of fluoride during tooth development. The risk of fluoride
verexposure occurs between the ages of 3 months and 8 years.
n its mild forms fluorosis often appears as unnoticeable, tiny
hite streaks or specks in the enamel of the tooth. In its most
evere form, tooth appearance is marred by discoloration or
rown markings. The enamel may be pitted, rough and hard to
lean. The spots and stains left by fluorosis are permanent and
ay darken over time. The severity of dental fluorosis depends
n the amount of fluoride exposure, the age of the child, indi-
idual response, weight, degree of physical activity, nutrition,
nd bone growth. Skeletal fluorosis is a bone disease caused by
xcessive consumption of fluoride. It causes pain and damage to
ones and joints. Fluoride when consumed in excess, can also
ffect non-calcified tissues besides bone and teeth is called as
on skeletal fluorosis. The soft tissue organs affected by fluoride
re named in the following order: aorta, thyroid, lungs, kidneys,
eart, pancreas, brain and spleen [6].
Fluoride is readily absorbed from the gastro-intestinal tract,
ith estimates of absorption ranging from 75% to 100% [7,8].
he systemic fluoride absorption from water through the gas-
rointestinal tract into blood stream is nearly 100% by the process
7 e and Human Wellness 2 (2013) 75–86
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Fig. 1. Location of fluoride endemic villages in Nilakottai block in Dindigul
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f simple diffusion without any intervention of overall water
uality [9–11]. Fifty percent of the ground water sources in
ndia have been contaminated by fluoride and more than 90%
f rural drinking water supply programs are based on ground
ater [12]. Fluoride intake from water depends on the amount of
ater ingested through itself and the quantity of water ingested
hrough food by means of water used for cooking and their flu-
ride content [13]. Many previous studies, from various parts of
he world reported the development of dental fluorosis even if the
eople consume drinking water with fluoride less than 1.0 mg/L
14,15], which implies that the optimal fluoride dose level in
rinking water may vary with various features such as local
limatic conditions, methods of food processing and cooking
16], amount of food and water intake and its fluoride and other
utrients level, and dietary habits of the community [17–19].
In India, there are only limited studies available in the lit-
rature on fluoride content of raw foods and it became clear
hat fluorosis varies within the population. Factors responsible
or these variations could be fluoride intake by drinking water,
ietary intake, especially intake of food grown in soil or irri-
ated with water rich in fluoride. Therefore, the present study
ttempts to find out the fluoride content of drinking water, staple
ood grains, green leafy vegetables, cow milk samples and also
ooked rice predominantly consumed by the people of certain
uoride endemic areas of Tamil Nadu, South India and to cor-
elate estimated daily intake with dental fluorosis. The exposure
oses of fluoride from the consumption of vegetable and cereal
rops in children (3–14 years of age) are found to be higher than
he limits laid down by Institute of Medicine, Washington, DC
20]. This means the children in this age group are more likely at
he risk of fluorosis from consumption of vegetables and cereal
rown in the fluoridated areas.
The aim of the study is to find out the average fluoride intake
rom various sources and to correlate with the percentage preva-
ence of fluorosis. Identification of the source which contributes
ore is to be specified so that effective interventions can be sug-
ested to the people of the affected areas. In order to find out the
xtent of fluoride contamination in drinking water and to find
ut the fluoride exposure dose in Nilakottai block, an extensive
tudy was accomplished by estimating fluoride level in drinking
ater.
.  Materials  and  methods
.1.  Selection  of  the  study  areas
The criteria for selection of the study area are the high
ercentage prevalence of dental fluorosis and the presence of
uoride in excess of 1 mg/L in drinking water samples. The
ercentage of dental fluorosis was estimated based on a clin-
cal survey carried out among school children above 7 years
the age above which milk teeth are replaced by permanent
nes) and among village adults. The villages were selected from
he Nilakottai block of Dindigul district. Goggle earth satel-
ite image of exact locations of fluoride endemic villages were
repared and is shown in Fig. 1.
i
e
t
s
pistrict.
.2.  Collection  and  analysis  of  drinking  water  samples
The study was carried out in 22 villages of the block 110
rinking water samples were collected from 22 villages in
ilakottai block, Dindigul district, Tamil Nadu, South India for
uoride analysis. Five drinking water samples were collected
rom each village of the selected areas and stored in clean, high
ensity polyethylene bottles at 4 ◦C before being analyzed. Flu-
ride levels in drinking water samples were measured by using
uoride ion selective electrode Orion ion analyzer (Thermo sci-
ntific Orion 4 Star pH. ISE Benchtop) by diluting with total
onic strength adjustment buffer (TISAB III) in 10:1 ratio. The
nstrument was calibrated with standard fluoride solutions so
hosen the concentration of one was ten times the concentra-
ion of the other and also that the concentration of the unknown
alls between those standards. Then the concentration of the
nknown was directly read from the digital display of the meter
21].
.3.  Collection  and  analysis  of  staple  food  grains
The chief staple food grains grown in the selected fluorotic
illages were identified. A total of 528 grain samples cultivated
n the selected fluorotic villages were collected. Eight differ-
nt grains, normally consumed by the people were collected in
riplicate of different fields of the selected areas using random
ampling technique. To determine total fluoride in the grain sam-
les, 20 g of dried and ground grain sample was taken in nickel
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rucible, to which, 10 mL calcium hydroxide suspension was
dded as a fluoride fixing agent and mixed thoroughly. The sam-
le was evaporated to dryness in a hot air oven at 80 ◦C and then
shed in muffle furnace at 600 ◦C for 12 h. The ash was trans-
erred to a distillation flask. Sufficient analar silver sulphate was
dded to precipitate any chloride present in the sample. Pieces
f glass and porcelain were also put in the flask. 25 mL of 60%
nalar perchloric acid and 20 mL of distilled water were added
nd then distillation was carried out. The distillate collected
etween 135 ◦C and 139 ◦C, was neutralized using 0.2 mol/L
odium hydroxide and analyzed for fluoride using fluoride ion
elective electrode [22].
.4.  Collection  and  analysis  of  solid  food  samples
A total of 66 cooked rice samples, three from each selected
rea were collected and analyzed as per the procedure adopted
or food grain samples [22].
.5.  Collection  and  analysis  of  green  leafy  vegetables
GLV)
A total of 660 GLV samples grown and usually present in the
iet of the people of selected area were collected, dried, ground
nd analyzed as per the standard procedure adopted [22]. Ten
ifferent varieties were collected depending on the availability
n an area.
.6.  Collection  and  analysis  of  cow  milk  samples
Among a total of 66 cow milk samples, 3 from each selected
rea were collected in polyethylene bottles and refrigerated until
he time of analysis. To determine fluoride concentration, 50 mL
f the cow milk sample was taken in a distillation flask; sufficient
ilver sulphate was added to precipitate the chlorides present.
0 mL of analar 60% perchloric acid was added and the distillate
as collected between 135 ◦C and 139 ◦C and it was neutralized
y using 0.2 mol/L sodium hydroxide and analyzed for fluoride
sing fluoride ion selective electrode [22].
.7.  Clinical  survey  and  community  ﬂuorosis  index  (CFI)
Clinical survey was conducted among the people living in
he selected areas. Dental examinations were made using dental
irrors and probes under indirect sunlight by two qualified and
ell trained dentists. Community fluorosis index was calculated
ased on the symptoms of dental fluorosis using randomized
ampling method, which is classified into seven categories
ased on Dean’s classification viz., normal, questionable, very
ild, mild, moderate, moderately severe and severe and each of
hese seven classifications were given a numerical weight such
s 0.0, 0.5, 1.0, 1.5, 2.0, 3.0 and 4.0, respectively [23,24].
Criteria for Dean’s fluorosis index are described as follows:
ormal (0.0): the enamel represents the usual translucent semiv-
triform type of structure, and the surface is smooth, glossy,
nd usually of a pale creamy white color; Questionable (0.5):
he enamel discloses slight aberrations from the translucency of
t
THuman Wellness 2 (2013) 75–86 77
ormal enamel, ranging from a few white flecks to occasional
hite spots. This classification is utilized in those instances
here a definite diagnosis of the mildest form of fluorosis is
ot warranted and a classification of “normal” is not justified;
ery mild (1.0): small opaque, paper white areas scattered
rregularly over the tooth but not involving as much as 25% of
he tooth surface. Frequently included in this classification are
eeth showing no more than about 1–2 mm of white opacity at
he tip of the summit of the cusps of the bicuspids or second
olars; Mild (1.5): the white opaque areas in the enamel of the
eeth are more extensive but do not involve as much as 50% of
he tooth; Moderate (2.0): all enamel surfaces of the teeth are
ffected, and the surfaces subject to attrition show wear. Brown
tain is frequently a disfiguring feature; Severe: includes teeth
ormerly classified as “moderately severe (3.0)” and “severe
4.0).” All enamel surfaces are affected and hypoplasia is so
arked that the general form of the tooth may be affected.
he major diagnostic sign of this classification is discrete or
onfluent pitting. Brown stains are widespread and the teeth
ften present a corroded-like appearance [23–25].
People with symptoms of dental fluorosis were identified and
lassified in each category and the number of people in each
ategory is multiplied by the corresponding numerical weight
iven in the brackets, the products thus obtained for the various
ategories are added up and the sum total divided by the total
umber of people surveyed, gives community fluorosis index.
nly when the community fluorosis index value is greater than
.6, fluorosis is considered to be a public health problem in that
rea [23,26].
FI =
∑ Number of people ×  Dean’s numerical weight
Total number of people
The percentage incidence of fluorosis was estimated from the
umber of people affected by fluorosis from the particular area
ith total number of people surveyed.
.8.  Nutritional  survey
The nutritional survey among the population of different age
roups infants, children and adults was conducted in the selected
ndemic fluoride area. Based on household survey, quantity of
rinking water, cow milk, GLVs, food grains and cooked food
onsumed per day by the various age groups of people and their
ody weight were accounted in the selected villages and the val-
es were verified with the data available with the local primary
ealth centers.
.9.  Estimation  of  total  ﬂuoride  intake  (TFI)
Total fluoride intake (TFI) is the summation of the daily flu-
ride intake through entire diet sources. Daily fluoride intake
DFI) from the particular diet source was calculated by mul-otal quantity of the particular item consumed per day.
FI =
∑
(DFI)
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FI =  FC ×  QD
here FC is the fluoride concentration in the diet source and QD
s the quantity of the diet intake per day.
.10.  Fluoride  exposure  dose  through  drinking  water  (ED)
The fluoride exposure dose through drinking water was cal-
ulated by the following equation:
luoride exposure dose = FC ×  WI
BW
here FC is the fluoride concentration (mg/L), WI is the water
ntake (L/day) and BW is the body weight (kg).
The assumption behind the calculation is persistent exposure
nd total bioavailability of fluoride concentration in water. The
ater intake of different age groups was estimated from the
utritional survey. Infants in their emergent life drink 250 mL
f water as boiled water per day. In boiled water, fluoride level
ncreases proportionally to the loss of volume, so the fluoride
oncentration in the actual drinking water was doubled [16]. The
stimated water intake for the infant, children and adult was 0.25,
.50 and 3.0 L per day, respectively. For the calculation, body
eight of infants in the age group of 0–6 years was kept as
 kg and children between 7 years and 19 years as 25 kg body
eight and that of adults above 19 years as 60 kg body weight,
he mean of water fluoride level in each village was used for
uoride exposure dose calculation..11.  Statistical  analysis
Fluoride concentrations in water and diet sources such as
rains, cooked food, green leafy vegetable and cow milk were
t
p
c
v
able 1
rinking water fluoride levels in selected fluoride endemic areas of Nilakottai block.
o. Name of the village Levels of fluoride (mg/L) 
East West North
1 Alagampatti 2.0 1.8 1.8 
2 Sangalpatti 1.5 1.7 1.5 
3 Micheilpalayam 2.1 2.3 2.1 
4 Ammapatti 1.8 2.0 1.8 
5 Uchanampatti 1.8 1.7 1.6 
6 Othur 1.7 1.5 1.6 
7 Chockanchettipatti 1.9 2.2 1.8 
8 Murugathuranpatti 1.5 1.8 1.5 
9 Kulalakundu 1.8 1.6 1.9 
0 Sandilarpuram 1.6 1.7 1.6 
1 Nagayakavundampatti 1.9 1.8 2.0 
2 Kolinjipatti 2.2 2.4 2.0 
3 Thoppinayakanpatti 3.4 2.9 3.1 
4 Meenachipuram 1.7 2.0 1.7 
5 Pallapatti 1.8 1.6 2.0 
6 Kattukothampatti 1.6 1.5 1.5 
7 Kanthappankottai 1.5 1.7 1.4 
8 Sangarapuram 2.7 2.4 2.1 
9 Silukuvarpatti 3.6 3.1 3.4 
0 Akkarakaranpatti 3.4 3.2 3.5 
1 Sithargalnatham 1.9 1.8 2.0 
2 Kullichettipatti 1.8 1.6 1.6 Human Wellness 2 (2013) 75–86
xpressed as mean and standard deviation of samples and the
alues are presented. The extend of linearity and correlation
etween water fluoride level with contribution of various diet
ources was estimated using correlation coefficient (r) and
oefficient of determination (R2). The quantity of numerical rela-
ionships between the total fluoride intake and the contribution
f diet sources were expressed through regression analysis and
ere performed by using SPSS Inc, Origin Pro and Excel.
.  Results
.1.  Fluoride  concentration  in  drinking  water  and  CFI  of
he study  area
All samples from 22 selected fluoride endemic villages
ontain more than 1.5 mg/L fluoride (Table 1). Among
hese villages, Akkarakaranpatti, Silukuvarpatti and Thop-
inayakkanpatti contain more than 3 mg/L fluoride, which is
hree times higher than the safe fluoride level in drinking water.
4% of drinking water samples of the selected villages have
ore than 3 mg/L of fluoride, remaining 86% drinking water
amples have more than 1.5 mg/L fluoride. Higher prevalence
ate of fluorosis was observed from Akkarakaranpatti and Thop-
inayakkanpatti that are 82.4% and 81.8%, respectively, with
.57 and 1.34 CFI values. The numerical relationship between
he water fluoride level with percentage of fluorosis prevalence
nd community fluorosis indices of the study areas indicated
hat, CFI values of all the selected endemic villages are higher
han 0.6, a value above which fluorosis is considered to be a
ublic health problem. Community fluorosis index and the per-
entage of fluorosis prevalence from all the selected endemic
illages were shown in Table 2. The percentage of prevalence of
Mean ± SD Range
 South Middle
1.9 2.1 1.92 ± 0.13 1.8–2.1
1.5 1.5 1.54 ± 0.09 1.5–1.7
2.2 2.2 2.18 ± 0.08 2.1–2.3
1.9 1.9 1.88 ± 0.08 1.8–2.0
1.9 1.7 1.74 ± 0.11 1.6–1.9
1.5 1.7 1.60 ± 0.10 1.5–1.7
1.9 1.8 1.92 ± 0.16 1.8–2.2
1.8 1.6 1.64 ± 0.15 1.5–1.8
1.5 1.5 1.66 ± 0.18 1.5–1.9
1.8 1.6 1.66 ± 0.09 1.6–1.8
2.2 1.8 1.94 ± 0.17 1.8–2.2
1.9 2.1 2.12 ± 0.19 1.9–2.4
3.1 3.2 3.14 ± 0.18 2.9–3.4
1.8 1.9 1.82 ± 0.13 1.7–2.0
1.6 1.7 1.74 ± 0.17 1.6–2.0
1.6 1.4 1.52 ± 0.08 1.4–1.6
1.4 1.7 1.54 ± 0.15 1.4–1.7
2.2 2.4 2.36 ± 0.23 2.1–2.7
3.2 3.2 3.30 ± 0.20 3.1–3.6
3.1 3.4 3.32 ± 0.16 3.1–3.5
1.8 2.1 1.92 ± 0.13 1.8–2.1
1.7 1.8 1.70 ± 0.10 1.6–1.8
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Table 2
Community fluorosis index and percentage prevalence of fluorosis in the area of study.
Name of the village Water fluoride level
(mg/L), mean ± SD
Normal Questionable Very mild Mild Moderate Moderate
severe
Severe Total CFI % of DF
0 0.5 1 1.5 2 3 4
Alagampatti 1.92 ± 0.13 32 16 18 14 30 16 8 134 1.19 67.80
Sangalpatti 1.54 ± 0.09 38 19 13 16 21 14 3 124 0.97 64.49
Micheilpalayam 2.18 ± 0.08 33 15 11 18 24 16 6 123 1.41 72.73
Ammapatti 1.88 ± 0.08 41 12 13 16 14 12 2 110 1.30 66.94
Uchanampatti 1.74 ± 0.11 38 22 16 12 16 11 2 117 0.97 66.37
Othur 1.60 ± 0.10 35 15 13 17 6 4 2 92 0.98 63.92
Chockanchettipatti 1.92 ± 0.16 47 21 23 12 18 10 3 134 1.03 67.13
Murugathuranpatti 1.64 ± 0.15 43 26 15 11 21 14 4 134 0.93 64.46
Kulalakundu 1.66 ± 0.18 32 17 21 14 22 18 3 127 1.00 64.75
Sandilarpuram 1.66 ± 0.09 34 14 11 14 18 13 2 106 1.11 65.45
Nagayakavundampatti 1.94 ± 0.17 43 28 18 15 12 13 1 130 1.07 67.81
Kolinjipatti 2.12 ± 0.19 32 22 11 16 18 26 6 131 1.31 72.18
Thoppinayakanpatti 3.14 ± 0.18 21 18 12 12 15 11 3 92 1.34 81.82
Meenachipuram 1.82 ± 0.13 45 14 21 16 22 11 4 133 1.10 66.92
Pallapatti 1.74 ± 0.17 38 21 26 22 33 21 6 167 1.08 66.67
Kattukothampatti 1.52 ± 0.08 36 12 10 17 13 11 2 101 1.05 63.27
Kanthappankottai 1.54 ± 0.15 28 10 8 11 13 5 1 76 1.02 63.64
Sangarapuram 2.36 ± 0.23 27 22 18 25 21 18 8 139 1.27 75.69
Silukuvarpatti 3.30 ± 0.20 38 28 32 31 37 24 11 201 1.19 75.40
Akkarakaranpatti 3.32 ± 0.16 23 22 18 15 17 22 10 127 1.57 82.44
Sithargalnatham 1.92 ± 0.13 28 20 12 10 12 10 1 93 1.07 67.31
Kullichettipatti 1.70 ± 0.10 32 10 11 14 10 8 1 86 1.09 64.04
NOTE: % of DF: percentage of dental fluorosis.
Table 3
Correlation between total fluoride intake and related variables.
Variables r  R2 Regression equation 95% confidence interval for r Significant level (P) F ratio
% incidence of fluorosis 0.9770 0.9545 45.9776 + 11.5782x 0.9444–0.9906 <0.0001 419.49
C x  
W x  
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Aommunity fluorosis index 0.8404 0.7062 0.5656 + 0.2927
ater fluoride level 0.9991 0.9982 0.2042 + 0.3264
uorosis and community fluorosis index increased significantly
r = 0.977, R2 = 0.955, P  < 0.0001) with the increase in drink-
ng water fluoride level. The quantitative numerical relationship
etween the water fluoride level with percentage of fluorosis
revalence and community fluoride indices is shown in Table 3.
lmost 30% of the people in the selected fluoride endemic vil-
ages are affected with more than mild form of fluorosis with
igher CFI values.
.2.  Correlation  analysis  between  ﬂuoride  concentration  in
rinking water  and  maximum  exposure  doseCorrelation between the water fluoride levels with exposure
ose of different age groups is shown in Table 4. High degree of
orrelation is obtained (r  = 0.99, R2 = 0.99) for all age groups.
v
e
able 4
orrelation between water fluoride level and exposure dose.
ariables r R2 Regression equation 
nfants 0.9980 0.9960 0.0019 + 0.0829x  
hildren 0.9952 0.9904 −0.0018 + 0.0612x  
dults 0.9941 0.9882 −0.0013 + 0.0516x  0.6485–0.9318 <0.0001 48.07
0.9914–0.9999 <0.0001 2155.58
he significant levels P  < 0.0001 and the numerical relationship
nd the regression equations between the drinking water fluo-
ide level and fluoride exposure dose are listed in Table 4. The
btained R2 and analysis of variance indicate a high significant
elationship between drinking water fluoride levels with the
aximum exposure dose. The correlation coefficient and regres-
ion equations give the high significant linearity and numerical
elationship between water fluoride levels with exposure dose.
.3.  Fluoride  concentration  in  milk  samples,  green  leafy
egetables, food  grains  and  cooked  foodsThe concentrations of fluoride in samples of milk, green leafy
egetables, food grains and cooked foods collected from selected
ndemic areas with varying fluoride concentration in ground
95% confidence interval for r Significant level (P) F ratio
0.9951–0.9992 <0.0001 5020.51
0.9882–0.9980 <0.0001 2064.89
0.9855–0.9976 <0.0001 1672.59
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Table 5
Fluoride levels of cow milk samples in selected fluoride endemic areas.
Name of the village Levels of fluoride (mg/L),
mean ± SD
Alagampatti 0.048 ± 0.005
Sangalpatti 0.044 ± 0.003
Micheilpalayam 0.058 ± 0.006
Ammapatti 0.050 ± 0.005
Uchanampatti 0.053 ± 0.006
Othur 0.066 ± 0.004
Chockanchettipatti 0.053 ± 0.006
Murugathuranpatti 0.046 ± 0.011
Kulalakundu 0.045 ± 0.003
Sandilarpuram 0.050 ± 0.004
Nagayakavundampatti 0.059 ± 0.011
Kolinjipatti 0.057 ± 0.006
Thoppinayakanpatti 0.147 ± 0.006
Meenachipuram 0.067 ± 0.006
Pallapatti 0.057 ± 0.005
Kattukothampatti 0.048 ± 0.006
Kanthappankottai 0.043 ± 0.005
Sangarapuram 0.117 ± 0.006
Silukuvarpatti 0.120 ± 0.010
Akkarakaranpatti 0.113 ± 0.012
Sithargalnatham 0.077 ± 0.005
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Table 7
Fluoride levels of food grains in selected fluoride endemic areas.
Name of the village Levels of fluoride (mg/kg), mean ± SD
Black-eyed bean Field bean Great millet Finger millet Pearl millet Green gram Horse gram Maize
Alagampatti 3.14 ± 0.09 2.61 ± 0.22 2.30 ± 0.14 4.29 ± 0.08 3.22 ± 0.14 4.94 ± 0.12 2.61 ± 0.15 2.47 ± 0.17
Sangalpatti 1.57 ± 0.13 2.67 ± 0.19 2.15 ± 0.11 3.05 ± 0.17 2.62 ± 0.15 3.59 ± 0.12 2.48 ± 0.12 2.56 ± 0.19
Micheilpalayam 3.67 ± 0.13 2.95 ± 0.12 2.54 ± 0.18 3.86 ± 0.11 3.06 ± 0.12 3.52 ± 0.18 2.63 ± 0.12 3.30 ± 0.20
Ammapatti 2.76 ± 0.36 2.45 ± 0.19 2.07 ± 0.14 2.44 ± 0.20 3.43 ± 0.19 2.75 ± 0.14 2.49 ± 0.18 1.96 ± 0.15
Uchanampatti 2.69 ± 0.21 1.62 ± 0.12 2.03 ± 0.15 1.99 ± 0.63 2.35 ± 0.24 2.66 ± 0.17 2.31 ± 0.11 1.85 ± 0.09
Othur 3.95 ± 0.15 2.50 ± 0.24 2.52 ± 0.27 3.60 ± 0.16 2.87 ± 0.17 4.75 ± 0.07 3.44 ± 0.28 3.05 ± 0.20
Chockanchettipatti 2.52 ± 0.13 2.19 ± 0.21 2.48 ± 0.22 1.85 ± 0.08 2.67 ± 0.13 1.97 ± 0.17 2.27 ± 0.09 2.32 ± 0.15
Murugathuranpatti 2.19 ± 0.18 2.50 ± 0.13 2.06 ± 0.08 2.29 ± 0.16 3.59 ± 0.18 2.35 ± 0.24 2.07 ± 0.12 1.64 ± 0.18
Kulalakundu 1.90 ± 0.27 1.69 ± 0.04 1.59 ± 0.24 3.16 ± 0.10 2.76 ± 0.15 2.35 ± 0.11 2.27 ± 0.25 2.05 ± 0.15
Sandilarpuram 2.05 ± 0.17 2.41 ± 0.13 1.82 ± 0.10 2.17 ± 0.09 2.63 ± 0.18 3.29 ± 0.14 1.68 ± 0.13 1.72 ± 0.14
Nagayakavundampatti 1.89 ± 0.16 1.98 ± 0.15 1.55 ± 0.10 1.42 ± 0.20 1.62 ± 0.22 1.96 ± 0.30 2.22 ± 0.12 1.40 ± 0.12
Kolinjipatti 3.61 ± 0.15 2.56 ± 0.18 2.12 ± 0.06 3.41 ± 0.22 2.59 ± 0.28 3.31 ± 0.19 2.55 ± 0.11 2.61 ± 0.17
Thoppinayakanpatti 3.73 ± 0.08 3.11 ± 0.16 2.42 ± 0.12 3.52 ± 0.20 2.80 ± 0.17 4.11 ± 0.15 2.46 ± 0.09 3.18 ± 0.25
Meenachipuram 2.59 ± 0.28 1.66 ± 0.07 1.96 ± 0.07 2.65 ± 0.17 1.76 ± 0.12 2.04 ± 0.24 1.97 ± 0.20 1.57 ± 0.23
Pallapatti 4.12 ± 0.12 2.12 ± 0.14 2.28 ± 0.26 2.88 ± 0.10 3.90 ± 0.14 2.07 ± 0.23 1.97 ± 0.28 2.49 ± 0.13
Kattukothampatti 1.44 ± 0.23 2.34 ± 0.08 2.16 ± 0.11 2.37 ± 0.05 2.58 ± 0.11 2.62 ± 0.13 1.94 ± 0.27 2.51 ± 0.27
Kanthappankottai 1.77 ± 0.18 1.84 ± 0.10 2.29 ± 0.10 2.01 ± 0.23 2.29 ± 0.30 2.34 ± 0.13 2.17 ± 0.15 1.46 ± 0.19
Sangarapuram 4.12 ± 0.27 2.40 ± 0.25 2.08 ± 0.17 2.56 ± 0.28 3.09 ± 0.17 2.58 ± 0.13 1.30 ± 0.16 1.63 ± 0.25
Silukuvarpatti 4.21 ± 0.33 2.43 ± 0.22 2.11 ± 0.25 2.68 ± 0.06 3.80 ± 0.46 2.14 ± 0.15 1.65 ± 0.14 2.24 ± 0.13
Akkarakaranpatti 4.11 ± 0.12 1.33 ± 0.17 2.46 ± 0.14 3.55 ± 0.25 3.96 ± 0.21 1.98 ± 0.13 1.41 ± 0.15 2.24 ± 0.14
Sithargalnatham 1.16 ± 0.18 2.02 ± 0.28 1.95 ± 0.23 1.66 ± 0.45 2.46 ± 0.26 1.94 ± 0.26 2.17 ± 0.15 1.99 ± 0.17
Kullichettipatti 1.49 ± 0.21 1.98 ± 0.08 1.29 ± 0.08 1.45 ± 0.20 1.51 ± 0.21 1.78 ± 0.12 2.14 ± 0.17 1.49 ± 0.12
T
3
3
o
f
t
t
p
w
l
e
g
fl
o
w
o
c
b
i
3
t
l
p
0
a
t
m
(
a
Table 8
Fluoride levels of cooked rice in selected fluoride endemic areas.
Name of the village Levels of fluoride (mg/kg), mean ± SD
Alagampatti 0.57 ± 0.05
Sangalpatti 0.48 ± 0.04
Micheilpalayam 0.59 ± 0.06
Ammapatti 0.49 ± 0.04
Uchanampatti 0.43 ± 0.04
Othur 0.52 ± 0.04
Chockanchettipatti 0.34 ± 0.05
Murugathuranpatti 0.44 ± 0.04
Kulalakundu 0.43 ± 0.04
Sandilarpuram 0.53 ± 0.10
Nagayakavundampatti 0.42 ± 0.07
Kolinjipatti 0.49 ± 0.06
Thoppinayakanpatti 0.58 ± 0.04
Meenachipuram 0.51 ± 0.07
Pallapatti 0.52 ± 0.03
Kattukothampatti 0.43 ± 0.08
Kanthappankottai 0.40 ± 0.08
Sangarapuram 0.65 ± 0.19
Silukuvarpatti 0.59 ± 0.07hoppinayakanpatti, Micheilpalayam and Sangalpatti recorded
.11, 2.95, 2.67 mg/kg of fluoride, respectively.
.4.  Impact  of  ﬂuoride  ion  concentration  in  drinking  water
n total  ﬂuoride  intake
Daily average intake level of various dietary sources by dif-
erent age groups of people from the study areas as collected
hrough nutritional survey is shown in Table 9. To calculate
he range of fluoride intake of the various age groups of peo-
le in the fluorotic area, six villages from the selected area
ere selected. These six villages were selected based on the
evel of fluoride in drinking water. Two each from low, mod-
rate and high fluorotic areas were selected and the values are
iven in Table 10 and shown in Fig. 2. The total intake level of
uoride was compared with the average contribution from vari-
us dietary sources. The major fraction of the total fluoride intake
as derived from water. For children, about 70% of the total flu-
ride intake was derived from drinking water. High degree of
orrelation was obtained (r  = 0.9991, R2 = 0.9982, P  < 0.0001)
etween total fluoride intake and water fluoride level as shown
n Table 11.
.5.  Impact  of  ﬂuoride  ion  concentration  in  cow  milk  on
otal ﬂuoride  intake
All the cow milk samples analyzed found to have very low
evels of fluoride. Among these, milk samples from Thop-
inayakanpatti and Silukuvarpatti which contain more than
.12 mg/L fluoride was recorded as high within the samples
A
S
Knalyzed. Fluoride levels in cow milk ranged from 0.043 mg/L
o 0.147 mg/L in the selected fluoride endemic villages. Cow
ilk showed significant contribution on total fluoride intake
r = 0.967, R2 = 0.935, P  = 0.0016) due to fluoride contamination
s shown in Table 11.kkarakaranpatti 0.73 ± 0.06
ithargalnatham 0.43 ± 0.05
ullichettipatti 0.54 ± 0.02
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Table 9
Average total intake level of various dietary sources as per nutritional survey.
Age group and weight range Dietary source Average daily
intake level of
dietary source
Infants
Birth to 6 months (2–6 kg) Drinking water 200 mL
Cow milk 300 mL
Above 6–12 months (6–10 kg) Drinking water 150 mL
Cow milk 200 mL
Children
From 1 to 3 years (11–18 kg) Drinking water 500 mL
Cow milk 250 mL
Greens 100 g
Grains 50 g
Rice 200 g
From 3 to 10 years (18–25 kg) Drinking water 750 mL
Cow milk 400 mL
Greens 150 g
Grains 100 g
Rice 500 g
From 10 to 18 years (25–45 kg) Drinking water 2000 mL
Cow milk 400 mL
Greens 250 g
Grains 150 g
Rice 750 g
Adult
From 18 to 70 years (45–70 kg) Drinking water 2000 mL
Cow milk 350 mL
Greens 250 g
Grains 200 g
Rice 1000 g
Old
Above 70 years (50–70 kg) Drinking water 1500 mL
Cow milk 300 mL
Greens 200 g
Grains 150 g
Rice 1000 g
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an individual to this element, but not the only source of exposure.
In certain areas, the major contribution comes from diet sources.6.  Impact  of  ﬂuoride  ion  concentration  in  green  leafy
egetables (GLVs)  on  total  ﬂuoride  intake
The fluoride concentrations in GLVs were determined and
resented in Table 6. It was observed that Acalypha  indica  leaves
rown in selected endemic villages had the maximum concen-
ration of fluoride. From the nutritional survey carried out in
hese areas, most of the people living in these villages reported
hat they predominantly consume Moringa  oleifera  and Sesba-
ia grandiﬂora. Both these GLVs when analyzed found to have
igh content of fluoride which also contributed significantly to
igh fluoride exposure level of people. The linear relationship
etween fluoride content of GLVs grown in fluorotic villages
r = 0.9876, P  = 0.0002) and the total fluoride intake was estab-
ished as shown in Table 11. GLVs are one of the major sources
f daily fluoride intake. Daily fluoride consumption of teenagers
rom GLVs in low, medium and high fluoride endemic villages
as found to be 0.38, 0.58, 1.66 mg/day, respectively. Greeneafy vegetables contribute 13% of the fluoride intake within the
ources analyzed.
a
iHuman Wellness 2 (2013) 75–86
.7.  Impact  of  ﬂuoride  ion  concentration  in  food  grain  on
otal ﬂuoride  intake
Fluoride levels of food grain samples collected from the
elected endemic fluorotic areas are shown in Table 7. From
he nutritional survey, it was learnt that, most of the people
iving in these villages prefer to have black-eyed bean and
eld bean in their regular diet. The obtained statistical correla-
ions in Table 11 illustrate a high linear relationship (r  = 0.9536,
2
= 0.9094, P  = 0.0032) between the total fluoride intake and
ntake through food grains. Among the dietary sources analyzed
ontribution of food grain is 10%.
.8.  Impact  of  ﬂuoride  ion  concentration  in  cooked  rice  on
otal ﬂuoride  intake
Cooked rice is another major source of daily fluoride intake by
hildren as well as adult people. 0.34, 0.38, 0.50 mg/d of fluoride
as consumed at an average from cooked rice by adults in low,
edium and high fluorotic areas, respectively. The values ranged
rom 1.16 mg/kg to 4.94 mg/kg for various food grains. There is
o definite pattern in the concentration of fluoride with respect to
he variety or place. However, all the samples from villages like
agayakavundampatti and Kullichettipatti registered relatively
ess fluoride in all the grains and samples from Alagampatti,
hoppinayakkanpatti and Silukuvarpatti recorded little higher
alues. Table 11 illustrates a high linear relationship (r  = 0.9939,
2
= 0.9878, P  < 0.0001) between the total fluoride intake and
uoride from cooked rice.
.  Discussion
In view of the environmental and socio-economic conditions
f the Indian sub continent, the desirable limit of the fluoride
s set at 0.60–1.20 mg/L and maximum permissible limit in
bsence of any other source is set at 1.5 mg/L for drinking water
27]. In this study about 98% of the daily fluoride intake by
nfants through their diet sources was derived from the local
rinking water sources. Children residing in the fluorotic areas
cquire nearly double the amount of fluoride than the optimal
evel. Because of powder-based infant formulae reconstituted
ith water from high fluoride endemic area containing more
han 0.5 mg/L of fluoride may provide a daily fluoride intake
f above the threshold limit of 0.10 mg/kg [28–30]. Drinking
ater seems to be the major contributor of fluoride among all
he sources analyzed.
Fluoride ingestion through food is comparatively less than
hrough water. However, it cannot be neglected in the endemic
reas because it will increase the fluoride burden in addition to
ater. Fluoride not only enters through water, but also through
any edible items. Fluoride of food items depends upon the
uoride contents of soil and water used for irrigation. Thus,
uoride in water contributes significantly to the total exposure ofs in the case of Vranjska Banja where agricultural products
ncluding potatoes, beans, tomato, cucumbers, water melons,
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Table 10
Total fluoride intake per day from each dietary source in selected fluoride endemic areas.
Age group and weight range Dietary source Average daily
intake level of
dietary source
Average daily fluoride intake from the diet source (mg/d)
Kattukuthampatti Sangalpatti Meenachipuram Ammapatti Silukuvarpatti Akkarakaranpatti
Infants
Birth to 6 months (2–6 kg) Drinking water 200 mL 0.304 0.308 0.364 0.376 0.640 0.680
Cow milk 150 mL 0.007 0.007 0.010 0.008 0.018 0.017
Above 6–12 months (6–10 kg) Drinking water 300 mL 0.456 0.462 0.546 0.564 0.960 1.020
Cow milk 200 mL 0.010 0.009 0.013 0.010 0.024 0.023
Children
From 1 to 3 years (11–18 kg) Drinking water 500 mL 0.760 0.770 0.910 0.940 1.600 1.700
Cow milk 250 mL 0.012 0.011 0.017 0.013 0.030 0.283
Greens 100 g 0.158 0.145 0.230 0.232 0.557 0.768
Grains 50 g 0.072 0.079 0.129 0.138 0.211 0.206
Rice 200 g 0.090 0.096 0.102 0.108 0.138 0.146
From 3 to 10 years (18–25 kg) Drinking water 750 mL 1.140 1.155 1.370 1.410 2.400 2.550
Cow milk 400 mL 0.019 0.018 0.027 0.020 0.048 0.045
Greens 150 g 0.237 0.218 0.345 0.348 0.836 1.152
Grains 100 g 0.144 0.157 0.259 0.276 0.421 0.411
Rice 500 g 0.215 0.240 0.255 0.270 0.345 0.365
From 10 to 18 years (25–45 kg) Drinking water 2000 mL 3.040 3.08 3.640 3.760 6.400 6.800
Cow milk 400 mL 0.019 0.018 0.027 0.020 0.048 0.045
Greens 250 g 0.395 0.363 0.575 0.580 1.393 1.920
Grains 150 g 0.216 0.236 0.389 0.414 0.632 0.617
Rice 750 g 0.338 0.360 0.383 0.405 0.518 0.548
Adult
From 18 to 70 years (45–70 kg) Drinking water 2000 mL 3.040 3.080 3.640 3.760 6.400 6.800
Cow milk 350 mL 0.017 0.015 0.023 0.018 0.042 0.040
Greens 250 g 0.395 0.363 0.575 0.580 1.393 1.920
Grains 200 g 0.288 0.314 0.518 0.552 0.842 0.822
Rice 1000 g 0.450 0.480 0.510 0.540 0.690 0.730
Old
Above 70 years (50–70 kg) Drinking water 1500 mL 2.280 2.310 2.730 2.820 4.800 5.100
Cow milk 300 mL 0.014 0.013 0.020 0.015 0.036 0.034
Greens 200 g 0.316 0.290 0.460 0.464 1.114 1.536
Grains 150 g 0.216 0.236 0.389 0.414 0.632 0.617
Rice 1000 g 0.450 0.480 0.510 0.540 0.690 0.730
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Fig. 2. Average body weight vs total fluoride
tc. which are still traditionally grown have high fluoride content
31].
All individual sources of exposure are important since it is
he total fluoride intake from all sources that is critical in the
evelopment of fluorosis [32]. Among various sources, infant
oods, milk formulas, foods containing chicken, some bottled
aters and beverages, were identified as significant sources
f ingested fluoride by many researchers [33–37]. Fluoride is
ntering human food chain in increasing amount through the
onsumption of tea, wheat, spinach, cabbage, carrots and other
ndian foods [38–40]. The observations from studies done in
hina suggested that food can significantly contribute to the
otal fluoride uptake [41,42].
s
d
o
able 11
orrelation between total fluoride intake per day and various dietary sources.
ariables r  R2 Regression equation 
rinking water 0.9991 0.9982 0.2042 + 0.3264x  
ow milk 0.9670 0.9351 −0.0054 + 0.0128x  
reen leafy leaves 0.9876 0.9753 −2.5376 + 0.9717x  
ood grains 0.9536 0.9094 0.0597 + 0.439x 
ooked foods 0.9939 0.9878 0.2916 + 0.0444x  eighy of Adults and Old
e of the respective age group of population.
In Japan, it has been observed that rice and green leafy veg-
tables (GLVs) main staples in this country produced in polluted
reas contained fluoride that is several to more than ten times
igher than that found in non-contaminated products [43]. The
bsorption rate of fluorides contained in rice and GLVs produced
n fluoride-polluted areas was greater than 90% approximating
hat of NaF [44,45]. Sorghum and ragi are consumed extensively
n several areas in southern parts of India, where endemic fluoro-
is is rampant [46]. It is reported that in these areas, the incidence
nd severity of fluorosis were higher when the staple foods were
orghum or ragi, rather than rice. Rice (Oryza  saliva) is a major
ietary staple of nearly half the world’s population. About 95%
f this cereal is produced and consumed in South East Asian
95% confidence interval for r Significant level (P) F ratio
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ountries, including India. It is estimated that more than half
f the population of India subsists on rice [47]. In rural India,
ome-made parboiled rice is consumed even in many villages
here fluorosis is endemic. The economically backward people,
ho are the main victims of fluorosis [46], resort to parboiling
addy at the household level. For this purpose, invariably, they
se the same source of locally available water which may have
nsafe levels of fluoride. It seems possible that such a practice
ay enhance the fluoride concentration of rice. This study also
hows that, the fluoride intake from cooked rice is about 6%–8%
n medium and high fluorotic villages, respectively.
Calculated daily intake of fluoride from water, green leafy
egetables, food grains, cow milk and cooked rice in high flu-
rotic areas of the study shows 3–5 times higher fluoride than
 mg/d that was estimated as worldwide average for fluoride
ntake in children and adolescent. For children and adolescents
uring their developmental age, fluoride daily threshold of 2 mg
as recommended by the World Health Organization [3].
Cow milk is a suitable alternative for human milk; fluoride
ontent of samples of cow milk analyzed in this study found
o range from 0.04 mg/L to 0.15 mg/L. Fluoride exposure level
hrough milk infants in low fluorotic areas and high fluorotic
reas is found to be 2.1% and 2.4%, respectively. Even in high
uorotic area cow milk samples do not have excess fluoride.
The WHO [3] stated that “The most serious effect is the skele-
al accumulation of fluoride from long-term excessive exposure
o fluoride and its effect on non-neoplastic bone disease specif-
cally, skeletal fluorosis and bone fractures”. There is clear
vidence from India and China that skeletal fluorosis and an
ncreasing risk of bone fracture occurred at total intake of 14 mg
uoride/d and evidence suggestive of an increasing risk of bone
ffect at a total intake of about 6 mg fluoride/d [48]. From the
esults obtained in this study and previous studies, it is evident
hat after nearly 30 years of experience, the defluoridation sys-
em does not provide a safe and dependable supply of domestic
ater [48]. As a defluoridation plant using activated alumina
as installed in one of the villages of the study area in the year
001 with the financial support from Tamil Nadu water and
rainage (TWAD) board, a government institution concerned
ith provision of safe drinking water is not properly utilized by
he people of the area. Another drawback is that the plant is not
roperly monitored and necessary periodical regeneration of the
dsorbent is not carried out.
Adults in high fluorotic areas were exposed to 2 times higher
uoride intake per day than the recommended level of 4 mg/d
hrough all the selected diet sources analyzed. Fluoride levels
f all selected diet sources analyzed in medium and high flu-
rotic areas are nearly 2 and 3 times higher, respectively, than
he low fluorotic area diet. The drinking water fluoride level has
ignificant influence on fluorosis prevalence in the study area as
t contributes around 66% of the total fluoride intake per day.
f water used for drinking or food processing has fluoride level
ore than 0.65 mg/L, it enhances the daily total fluoride intake
ore than the standard limit of 4 mg/d for normal adults recom-
ended by the Agency for Toxic Substance and Disease Registry
49,50]. Our findings regarding fluoride levels of food grains and
reen leafy vegetables show that foods grown in high fluorotic
[Human Wellness 2 (2013) 75–86 85
reas have significantly higher fluoride than those grown in low
uorotic area.
.  Conclusion
Planning the supply of low-fluoride water for a fluoride
ndemic community requires a thorough knowledge of local
ydro-geological conditions. An exhaustive inventory of the
ater sources being used by the community is essential. This
tudy identified water as the major causative factor for fluoride
oxicity among other sources, such as cow milk, food grains,
reen leafy vegetables and cooked rice though, these are con-
umed in larger quantity by the people, their contribution is less
owards the fluoride toxicity of the area studied. Supply of drink-
ng water with less fluoride is emphasized. Rainwater harvesting
echniques should be promoted since they have a dilution effect
n the fluoride concentration of the ground water of the affected
illages.
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